The burden of complications associated with peripheral intravenous use is underevaluated, in part, due to the broad use, inconsistent coding, and lack of mandatory reporting of these devices. This study aimed to analyze the clinical and economic impact of peripheral intravenous-related complications on hospitalized patients. This analysis of Premier Perspective ® Database US hospital discharge records included admissions occurring between July 1, 2013 and June 30, 2015 for pneumonia, chronic obstructive pulmonary disease, myocardial infarction, congestive heart failure, chronic kidney disease, diabetes with complications, and major trauma (hip, spinal, cranial fractures). Admissions were assumed to include a peripheral intravenous. Admissions involving surgery, dialysis, or central venous lines were excluded. Multivariable analyses compared inpatient length of stay, cost, admission to intensive care unit, and discharge status of patients with versus without peripheral intravenousrelated complications (bloodstream infection, cellulitis, thrombophlebitis, other infection, or extravasation). Models were conducted separately for congestive heart failure, chronic obstructive pulmonary disease, diabetes with complications, and overall (all 7 diagnoses) and adjusted for demographics, comorbidities, and hospital characteristics. We identified 588 375 qualifying admissions: mean (SD), age 66.1 (20.6) years; 52.4% female; and 95.2% urgent/emergent admissions. Overall, 1.76% of patients (n = 10 354) had peripheral intravenous-related complications. In adjusted analyses between patients with versus without peripheral intravenous complications, the mean (95% confidence interval) inpatient length of stay was 5.9 (5.8-6.0) days versus 3.9 (3.9-3.9) days; mean hospitalization cost was $10 895 ($10 738-$11 052) versus $7009 ($6988-$7031). Patients with complications were less likely to be discharged home versus those without (62.4% [58.6%-66.1%] vs 77.6% [74.6%-80.5%]) and were more likely to have died (3.6% [2.9%-4.2%] vs 0.7% [0.6%-0.9%]). Models restricted to single admitting diagnosis were consistent with overall results. Patients with peripheral intravenous-related complications have longer length of stay, higher costs, and greater risk of death than patients without such complications; this is true across diagnosis groups of interest. Future research should focus on reducing these complications to improve clinical and economic outcomes.
Introduction
Intravenous catheters of all types are ubiquitous in health care settings in the United States. Over 5 million central venous catheters, 1 or central lines, and nearly 200 million peripheral intravenous (PIV) catheters [2] [3] [4] are used annually in the United States. The widespread use of intravascular devices has raised concerns about the risk of infection and other adverse outcomes occurring from their use. 2, 5, 6 It is well established through prior research that central lines can increase the risk of complications, such as bloodstream infections (BSI), and lead to intensive health care resource utilization. 7 Central-line-associated bloodstream infections (CLABSI) occur in about 3% to 5% of catheterizations. 5, 8 According to a recent Healthcare-associated Infections (HAI) Progress Report, an estimated 21 000 CLABSI occurred in the United States in 2014. 9 The Centers for Disease Control and Prevention (CDC) reported an adjusted inpatient hospital cost of nearly $30 000 per patient and a total annual cost of $0.67 to $2.68 billion due to infections associated solely with central-line use. 10 Catheterrelated bloodstream infections (CRBSI), which include infections from any catheter type (eg, central lines and PIVs), are also associated with increased hospital length of stay (LOS) and health care costs. [11] [12] [13] Despite the common use of PIVs, research on the complications and related burden associated with PIV catheter use is limited. Existing studies have focused mainly on rates of specific complications, such as BSIs or particular causative organisms, on small populations, [14] [15] [16] [17] [18] or on the management of catheter-related infections. 17, 19, 20 In addition, prior work may underestimate rates of PIV-associated complications due to potential underreporting of PIV infections. 3, 15, 17, 18 Furthermore, research on the costs associated with IV catheter-related complications has focused on central lines alone or combined with PIV, but not on PIV alone. 12 Additional evidence of PIV-associated complications and subsequent outcomes is needed to inform policies that could improve procedures for using PIV catheters in hospital settings as well as for improving patient safety. 3, 15, 17, 18 Therefore, the aim of this study was to quantify the rates of selected PIV-associated complications and the associated health care utilization and costs among hospitalized patients.
Methods

Design and Data Source
A retrospective cross-sectional analysis of hospital discharge records in the United States was conducted to examine the prevalence of PIV-associated complications and associated clinical and cost outcomes. The Premier Healthcare Database (PHD; formerly known as the Premier Perspective ® Database at the time of this study), a large comprehensive electronic health care database, was used. The PHD covers over 108 million inpatient visits and over 765 million outpatient visits and contains data from over 208 million unique patients. Data include complete clinical coding, hospital cost, patient billing data (eg, medications and devices, laboratory tests, diagnostic and therapeutic services), type of admission, discharge status, and patient demographics from more than 970 hospitals (representing the 4 geographic regions) throughout the United States. 21 All discharge data were deidentified and compliant with the Health Insurance Portability and Accountability Act (HIPAA) of 1996. Institutional review board approval was not required.
Patient Selection
Hospital admissions occurring between July 1, 2013 and June 30, 2015 were identified, and this included patients who had 1 of 7 admission diagnoses listed as the primary diagnosis (via International Classification of Diseases, Ninth Revision, Clinical Modification [ICD-9-CM] code) in at least 1 inpatient admission claim: pneumonia, chronic obstructive pulmonary disease (COPD), myocardial infarction (MI), congestive heart failure (CHF), chronic kidney disease (CKD), diabetes with complications (DM), and major trauma (hip, spinal, cranial fractures) (see Appendix Table A1 for full list of codes). These admission diagnoses were selected because it was determined, based on expert clinical input, that patients admitted with such conditions would likely not have a PIV-associated complication, defined below, prior to admission.
Admissions that included dialysis, surgery, and centralline use (see Appendix Table A2 for codes) were excluded because such services could potentially cause complications independent of PIV. Also excluded were readmissions for the same primary diagnosis. Finally, it was assumed all patients in the sample received a PIV upon admission, in line with standard hospital admitting procedures. This approach was used to avoid underreporting PIV use in our sample, as dedicated procedure codes for PIV are often not used in the hospital setting.
Within each admission diagnosis and the overall group (7 admission diagnoses combined), patients were stratified according to whether they experienced a selected PIV-associated complication during the admission (yes/ no). PIV-associated complication was defined as the presence of an ICD-9-CM code in the admission record for at least one of the following complications: BSI, cellulitis, phlebitis, infection not elsewhere classified, and extravasation (Table 1) .
Study Measures
The rate of PIV-associated complication in the sample was calculated by the proportion of patients with each and any selected complication. The following key outcomes were compared according to PIV-associated complication status: hospital LOS in days, cost of hospitalization (USD), admission to the intensive care unit (ICU), and discharge status. Admission to the ICU was measured as the proportion being admitted (yes/no), and discharge status was measured as the proportion of patients either being sent home (reference), being sent to another facility, or having died prior to discharge.
Other variables included patient demographics (age, gender, and race), payment source (Medicare vs other), the Chronic Condition Indicator (CCI), 22 and admitting hospital characteristics, which were reported. The CCI categorizes 5-digit ICD-9-CM codes as either chronic or not chronic, which was used to calculate the number for chronic conditions for each patient. 22 Admitting hospital characteristics included admission type (urgent/emergent or elective), hospital geographic region, bed size (over 500 beds vs 500 beds or less), and whether the admission took place in an urban location (yes/no) or teaching hospital (yes/no). 
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Descriptive statistics (eg, mean, standard deviation, and frequency) were reported for the patient, payer, and admitting hospital characteristics and number and frequency were for PIV-associated complication rates among each diagnosis and the overall group. Descriptive characteristics were also compared by PIV-complication status (with versus without) to assess potential confounders. Multivariate analyses were conducted to compare the key outcomes of LOS, cost, admission to ICU, and discharge status for patients with versus without a PIVassociated complication. All models were adjusted for patient demographics (ie, age, gender, and race), number of comorbidities, and admitting hospital characteristics (ie, region, teaching hospital, and location). Analysis of covariance (ANCOVA) was conducted to compare LOS and the cost of index hospitalization between the study groups. Logistic regression and multinomial logistic regression were used to examine the outcomes of admission to ICU and discharge status, respectively. All models were conducted separately for the CHF, COPD, DM, and overall cohorts. In the model for the overall cohort, we also included 2-way interactions between diagnosis and the individual variables above. The 3 diagnosis groups were chosen based on clinical considerations, such as likeliness to have a PIV without a central line (CHF), potential vulnerability with a PIV infection (COPD), and the inclusion of younger patients (DM), and were analyzed separately to account for potential between-group differences that might obscure the relationship between PIV complication status and the outcomes.
Sensitivity analyses were conducted to examine the impact of a small percentage (1.5%) of patients who were observed in multiple diagnosis groups. For patients with multiple hospitalizations due to different diagnoses, the first hospitalization in time was chosen and those hospitalizations that followed were dropped. All data transformations and statistical analyses were performed using SAS ® version 9.4 (SAS Institute, Cary, NC).
Results
Patient, Payer, and Hospital Characteristics
A total of 588 375 qualifying admissions were identified, ranging from 15 637 trauma patients to 187 904 patients admitted with pneumonia ( Figure 1 ). In the combined group (including all 7 admission diagnosis cohorts), the mean age was 66.1 years (range: 50.5-75.0 years). Overall, 52.4% of patients were female (range: 47.8%-56.0%), and 71.2% of patients were white (range: 52.8%-78.8%). The main payer type among admissions was Medicare (66.2% overall; range: 38.2%-77.7%). Hospital admissions were mainly nonelective (95.2%; range: 94.7%-96.1%) and were distributed across all geographic regions. Overall, 39.5% (range: 35.7%-50.9%) of admissions occurred in teaching hospitals, and the majority (83.5%; range: 80.9%-89.3%) in urban settings. Nearly one quarter (24.3%; range: 20.6%-35.7%) of admissions took place in large hospitals with over 500 beds (Table 2) .
PIV-Associated Complication Rates
Overall, 1.76% of patients (n = 10 354) had at least one of the selected complications (Table 3) , and rates varied by admission diagnosis cohort: pneumonia (2.67%), MI (1.98%), diabetes (1.95%), CHF (1.25%), trauma (1.03%), CKD (1.00%), and COPD (0.98%). BSI was the most common complication (1.45%, or 82.2% of all complications) and ranged from 0.67% (CKD) to 2.46% (pneumonia). Rates of cellulitis, phlebitis, other infections, and extravasation were also evident, but at lower rates than BSI, and varied according to admission diagnosis (Table 3; Figure 2 ).
Patient, Payer, and Hospital Characteristics by PIV Complication Status
Small differences in several characteristics were observed according to PIV complication status, including age, gender, race, payment source, and hospital region and location ( Table 4 ). The patient group with a PIV-associated complication was slightly older (67.7 vs 66.1 years; P < .001), had fewer females (50.5% vs 52.4%; P < .001), and more white patients (73.5% vs 71.1%; P < .001) compared with the group without a complication. The patient group with a PIV-associated complication had a higher proportion who used Medicare as payment source (67.6% vs 66.1%; P = .009) and a lower proportion who went to urban hospitals (82.5% vs 83.5%; P = .006) versus patients without a complication. Differences in hospital region were slight albeit statistically significant (P < .001). Admission type, teaching hospital, and number of beds were similar by PIVassociated complication status. Within the diagnosis cohorts, similar patterns in characteristics according to complication status were found.
Adjusted Utilization and Costs
In the main cohort, the adjusted mean LOS for patients with a PIV complication was 5.9 days compared with 3.9 days for those without a complication ( [0.6%-0.9%]; P < .001). The above differences in adjusted LOS, costs, admission to ICU, and discharge status between comparison groups were directionally similar for the 3 diagnosis groups ( Sensitivity analyses that restricted patients to a single admitting diagnosis (ie, allowing only unique patients in the overall cohort) showed results that were consistent with main findings.
Discussion
This retrospective analysis of hospital discharge records revealed evidence of PIV-associated complications and associated burden. It was found that nearly 2% of patients in the sample experienced a PIV-associated complication and that most of these complications were in the form of a BSI. Patients with pneumonia, diabetes, or MI had the highest rate of PIV complications (~2%) and BSI (>1%) among any of the admission diagnosis cohorts. In addition, it was found that admitted patients with a PIV-associated complication spent on average 2 additional days and required over $3000 more dollars while hospitalized compared with those without a complication. Patients with a PIV-associated complication were also twice as likely to be admitted to the ICU and nearly 3 times as likely to die while hospitalized than patients without a complication.
These results suggest that PIV use contributes to medical complications at a significant rate in US hospitals. Furthermore, such complications are associated with higher spending, longer and more intensive care, and higher mortality, all of which create burden for the health system and the patient.
The PIV-associated complication rates found in this study are plausible, as they are consistent with previously reported estimates. 2, 23 In particular, a robust 2006 systematic review of 200 prospective studies that examined and clinically verified intravascular device-related BSIs reported pooled rates of 0.1% to 3.7% (infections per 100 devices; 0.5-9.0 infections per 1000 intravascular device days) depending on the type of PIV used (plastic, steel, venous cutdown). 2 Several other studies have reported lower rates of PIV-associated complications but have focused on specific pathogens 15, 16, 18, 24 and on other countries, [15] [16] [17] 25 and used different study designs and units 15, 16, 18 making results incomparable with those of our study. Moreover, reported rates may be lower than ours 
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due underevaluation of such complications despite increasing use of PIV. [15] [16] [17] [18] 25, 26 Studies linking PIV-associated complications to outcomes were limited for comparison and appeared to focus on the effect of specific causative pathogens 15 rather than comparing outcomes according to the presence (vs absence) of a PIV catheter. Alternatively, other research examined predictors of PIV catheter infection, such as the clinical setting or placement location where a PIV catheter was used. 18 In addition to the main results, this study found that PIVassociated complications were linked to worse outcomes among the 3 admission diagnosis groups. Within each subgroup of CHF, COPD, or diabetes, patients with PIVassociated complications experienced longer hospital stays, higher costs, and higher mortality compared with those without complications, adjusting for key characteristics. Interestingly, the magnitude of these differences was considerably greater for patients with CHF compared with overall and other diagnosis groups. For CHF patients with a complication, length of hospital stay and admission to ICU were about double and risk of death about 5 times that of patients without complications. This finding may reflect a modified effect of PIV-associated complications among CHF patients, potentially due to an increased vulnerability in that patient population; however, our study design precludes confirmation of this.
The findings in this study underscore the need to reduce PIV-associated complications through a multistage approach as illustrated with the case of central line catheters. The identification of central-line catheter infections as public health problem, the development and implementation of quality measures and best practices for the insertion of central lines, and the creation of federal and state prevention programs have all led to a dramatic reduction in infections rates 20, [27] [28] [29] [30] and conferred other clinical and economic benefits. Efforts such as these resulted in the reduction of 25 000 CLABSI in 2009, reflecting a 58% reduction from 2001 and corresponding to potentially 6000 lives saved and $414 million avoided in excess health care costs (ie, $1.8 billion cumulative costs) according to the CDC. 27, 30 Another study reported that CDC-sponsored prevention efforts saved $5.7 to $31.5 billion in direct medical costs. 10 Through similar recognition and effort, including programs such as the Hospital-Acquired Condition Reduction Program (HACRP) under the Affordable Care Act, which creates monetary incentives for hospitals to reduce hospital-acquired conditions, similar health and economic returns may be gained for PIV catheters. [31] [32] [33] This study has several limitations. First, it was assumed that all patients received a PIV upon admission, which could not be verified in the data due to underuse of PIV-associated procedure codes in hospital discharge records; however, we believe this assumption was reasonable based on expert clinical input that the placement of a PIV catheter in every patient upon admission is standard practice. 34 Second, infections due specifically to PIV catheters may have been underreported in the data as there is no mandatory reporting for these devices, as required for central lines. To address this, we attributed the selected complications to PIV by ruling out other potential causes, both prior to and following admission. Nevertheless, the rate of PIV-associated complications in the sample may have been overestimated because we did not exclude other potential sources of the complications, such as sepsis related to ventilator-associated pneumonia. Third, although our findings appear consistent with previous estimates, 2 the approach we used to identify PIV-related complications was not validated pointing an area for future research. Finally, ANCOVA regression was used to estimate mean LOS and costs; as these variables often lack normal distribution, the use of ANCOVA allowed for interpretable results. However, we performed a sensitivity analysis on costs using median regression and found the results to be of a different magnitude albeit directionally similar (see 
Conclusion
This analysis of hospital records uncovered rates of PIVassociated complications that are meaningful and consistent with prior research. In addition, patients with PIV-associated complications have longer hospital stays, higher inpatient costs, and greater risk of death than patients without such complications. This relationship is present for multiple diagnosis groups. Future research should focus on expanding the current evidence base such that PIV-focused quality measures and policy interventions can be developed and implemented to reduce PIV-associated economic and disease burden. 
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